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Abstract 
Public utility buses are one of the primary means of transportation in the Philippines. City buses in Metro Manila use placards as 
bus signage to indicate destination. These city buses do not observe a uniform arrangement of placards displayed across its 
windshield. Due to a number of placards in buses, heavy visual workload in scanning bus signage becomes one of the causes of 
fatigue in daily commuting.  The study aims to determine an ergonomic arrangement of bus signage for Filipinos through visual 
workload analysis. This can possibly decrease fatigue due to visual workload as a commuter scans through the signage of a 
moving bus. Moreover, this aims to identify which signage arrangement would result to the commuter’s least reaction time – the 
length of time to select the bus showing the desired destination. Blink frequencies and reaction times of 30 regular commuters 
were studied under three Philippine bus signage configurations – vertical, horizontal and random arrangement – with six placards 
per configuration. Wilcoxon Signed Rank Test, using the mean of the random arrangement results as the test median, showed that 
both the blink rate and reaction time for horizontal arrangement resulted to significant and desired differences with the median. 
On the other hand, values for vertical arrangement only showed significance in the test of blink rates. Hence, it is concluded that 
horizontal arrangement would be the most ergonomic for the said population among the three signage patterns.  
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1. Introduction 
Most Filipinos are dependent on public transportation. A common means of transportation in the Philippines are 
public utility buses. These city buses display route signage using randomly arranged placards on the windshield. 
According to Lay [1], there are four stages of discerning a sign – detects, reads, understands, and acts on the 
signs. These processes are deemed vital for traffic information. Moreover, the results of the study of Liu [2] 
generalized that the greater the amount of information, the slower the visual search performance is. Therefore, 
scanning through a number of route signage contributes to the fatigue which the commuter experiences.  
This study aimed to select the most ergonomic among three bus signage arrangements: random, horizontal, and 
vertical - through quantifying visual workload. As used in most studies [8], eye blink rate will be the measurement 
tool. An inverse relationship exists between the two [3,5]. Eye blink rate, as defined by Miller [3], is the number of 
eye closures in a given amount of time. Blinks are typically measured through Electromyographic (EMG) recording 
electrodes [4] or with the use of small cameras [5].  
To further assess the three arrangements, the time at which the commuter correctly identifies the signage will be 
noted to quantify sign discernment or information processing since the activity is to be performed in a short span of 
time.  
2. Methodology 
2.1. Sample size 
Based on power analysis done by Blackburn et al. [6], a sample size of 30 would achieve 80% power to find a 
difference in means of 0.5. This study aimed the same power and difference in means hence an ideal sample size of 
30 respondents was exhibited. 
To ensure uniform familiarity of locations, the route tested on the respondents are based on the University of the 
Philippines Diliman (UP Diliman) Campus premises as this study is limited to the Bachelor of Science in Industrial 
Engineering (BS IE) students of the university. 
Respondents, who possess normal eyesight and are known bus commuters, were selected through convenience 
sampling from the aforementioned population. 
2.2. Setup 
Commuters may be exposed to varying environmental conditions in the real setting. To ensure that the results are 
solely due to signage arrangement, the experiment was designed within a fixed environmental setup including the 
use of video clips. These clips of uniform velocity made use of signage with fixed sizes and designs. 
Three 1-minute video clips were projected on a screen consecutively. The respondent was positioned at the left of 
the screen, as shown in Figure 1, with the bus windshield above eye level. This setup was inspired by the study of 
Lin et al. [7] wherein video footages were displayed to manifest actual scenarios. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Horizontal Setup Layout (in the Human Factors and Ergonomics Laboratory of UP Diliman). 
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The current position of bus signage in the Philippines is at the lower left quarter of the bus windshield, facing the 
bus. To ensure uniformity, this area was divided into six parts, indicating six locations along the bus route. The 
signage were arranged in three different ways – random, horizontal, or vertical with the last two arrangements based 
on the chronological sequence of the route. 
The random arrangement aimed at mimicking typical arrangements of bus signage in three different ways. Three 
cluttered arrangements were chosen to avoid the bias among randomized arrangements. One of the three will be 
randomly picked by the respondents during the experiment. 
There were two factors measured in the experiment: (1) blink rate and, (2) reaction time. The experiment proper 
imitated a typical setup where a commuter scans through bus signage while waiting at a bus stop. The respondents 
were instructed to look for the “Melchor Hall” signage. 
Each video contains two buses appearing to pass by one after the other. For all videos, only the second bus 
includes “Melchor Hall” in its set of signage. This sequence was designed to illustrate real-life scenarios where 
buses encountered may be of different routes. However, the commuter must still scan through the signage in order to 
realize this.  
The respondents were not informed of this sequence. Their assumption was that the “Melchor Hall” signage may 
appear either on the first or second bus, thus causing them to be attentive for the entire length of the videos.  The 
order by which the videos were presented was (1) random, (2) horizontal and, (3) vertical. This sequential order of 
video exposures, as shown in Table 2, was assumed to not affect the experimental results. 
As shown in Table 1, two sets of signage were made – one for the first bus, and the other for the second bus 
which contains the “Melchor Hall” signage.  
 
    Table 1. Selected locations for each bus 
FIRST BUS SECOND BUS 
Palma Hall Palma Hall 
Vinzons Hall Vinzons Hall 
Balay Kalinaw Malcolm Hall 
Area 2 Shopping Center 
Bahay ng Alumni Melchor Hall 
Checkpoint (Univ Ave) Checkpoint (Univ Ave) 
 
Table 2. Sequential order of video exposures 
ARRANGEMENT BUS NUMBER 
Random First 
Random Second 
Horizontal First 
Horizontal Second 
Vertical First 
Vertical Second 
 
The images used in each video are shown in Appendix I. 
2.3. Data collection 
Each data collection started at positioning the respondent two meters from the left of the screen, as if imitating a 
commuter waiting by a bus shed. The respondent was informed about the purpose and general flow of the 
experiment including the existence of sequence in horizontal and vertical arrangements. He/She was instructed to 
locate “Melchor Hall” among the signage included in the video. The footage was then presented to the respondent 
while simultaneously recording his/her eye blinks through a cellular phone camera placed on the side at eye-level. 
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The time (from the video) at which “Melchor Hall” was located was recorded to identify whether there is a 
difference in reaction time due to the signage arrangements. 
The video recordings, on the other hand, were used to count the blinks of the respondents manually. Counting of 
blinks was done thrice to ensure accuracy of data. 
2.4. Data analysis 
Three video recordings for each respondent were obtained, one for each of the three arrangements. Each video 
recording is one minute in length. With these, blink rates were calculated. The blink rate and reaction time means of 
“Random” observations were then both obtained to be used as test medians in Wilcoxon signed-rank test, as used in 
the study of Blackburn et al. [6].  
The tests were performed to compare the blink frequencies as well as the reaction times when respondents are 
subjected to different arrangements of signage.  
3. Results and discussion 
The following tables show the respondents’ number of blinks, calculated blink rates, and reaction times. 
 
Table 3. Blink count for each respondent (R – Random, H – Horizontal, V – Vertical). 
Respondent R H V Respondent R H V 
1 38 44 50 16 31 40 41 
2 25 32 33 17 14 16 20 
3 28 33 28 18 22 33 38 
4 38 28 35 19 18 21 20 
5 36 47 47 20 36 31 42 
6 17 17 12 21 5 11 14 
7 17 17 17 22 7 11 12 
8 29 30 17 23 21 28 26 
9 8 7 7 24 32 29 34 
10 26 29 28 25 14 27 31 
11 8 11 9 26 7 9 9 
12 19 23 26 27 28 29 36 
13 10 22 29 28 21 25 27 
14 25 44 36 29 18 20 21 
15 9 15 16 30 28 34 33 
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Table 4. Calculated blink rates for each respondent (blink/second). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 5. Reaction times of each respondent (seconds). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Respondent R H V Respondent R H V 
1 0.63333 0.73333 0.83333 16 0.51667 0.66667 0.68333 
2 0.41667 0.53333 0.55 17 0.23333 0.26667 0.33333 
3 0.46667 0.55 0.46667 18 0.36667 0.55 0.63333 
4 0.63333 0.46667 0.58333 19 0.3 0.35 0.33333 
5 0.6 0.78333 0.78333 20 0.6 0.51667 0.7 
6 0.28333 0.28333 0.2 21 0.08333 0.18333 0.23333 
7 0.28333 0.28333 0.28333 22 0.11667 0.18333 0.2 
8 0.48333 0.5 0.28333 23 0.35 0.46667 0.43333 
9 0.13333 0.11667 0.11667 24 0.53333 0.48333 0.56667 
10 0.43333 0.48333 0.46667 25 0.23333 0.45 0.51667 
11 0.13333 0.18333 0.15 26 0.11667 0.15 0.15 
12 0.31667 0.38333 0.43333 27 0.46667 0.48333 0.6 
13 0.16667 0.36667 0.48333 28 0.35 0.41667 0.45 
14 0.41667 0.73333 0.6 29 0.3 0.33333 0.35 
15 0.15 0.25 0.26667 30 0.46667 0.56667 0.55 
Respondent R H V Respondent R H V 
1 57 57 59 16 58 55 57 
2 60 58 59 17 57 57 57 
3 58 58 60 18 56 55 59 
4 60 57 58 19 60 56 58 
5 57 57 57 20 58 58 59 
6 57 57 59 21 59 59 59 
7 59 58 59 22 58 57 61 
8 58 58 58 23 58 58 60 
9 58 59 58 24 57 57 58 
10 57 57 59 25 56 59 57 
11 59 59 58 26 59 58 59 
12 56 58 57 27 59 59 60 
13 54 57 56 28 60 60 60 
14 58 58 57 29 60 58 59 
15 59 59 58 30 60 59 60 
3097 Danika Perl Bautista et al. /  Procedia Manufacturing  3 ( 2015 )  3092 – 3099 
Table 6 shows the computed test medians for the calculated blink rates and the reaction times. 
 
Table 6. Test medians from random arrangement values. 
 
 
 
 
The Wilcoxon signed rank test compares the medians of horizontal and vertical samples to the test median with 
the following hypotheses: 
Ho: median = test median 
H1:  median > test median (for test of blink rates) 
H1:  median < test median (for test of reaction times) 
For both tests, the null hypothesis will be rejected if p<0.05. 
With the use of Minitab 16, the Wilcoxon signed-rank test results are shown in the figures below. 
The test for blink rates, as shown in Figure 2, resulted to rejection of the null hypothesis (median=0.3528). With 
this rejection, it can be inferred that the sample medians of the horizontal and vertical arrangements of signage are 
statistically higher from the random, which was the test median used.  Since Miller [3] and Karwowski [5] stated 
that a reduced eye blink rate can be identified with increase in visual workload, it can be deduced that relative to the 
median of random arrangement, the horizontal and vertical arrangements are less visually exhausting due to the 
higher blink rates that were obtained.   
A shorter reaction time is ideal because it shows that given the constant size and font of the signage text, the 
commuter  will be prompted to decide on an action sooner, which is to ride the bus or not.  
As shown in Figure 3, the projected values for the estimated median for reaction times are 58 and 58.50 for the 
horizontal and vertical arrangements, respectively. This means that between the two, only the reaction time for 
horizontal arrangement observes a value less than the test median, thus making it the only arrangement that passes 
this criterion. 
 
Fig. 2. Wilcoxon Signed Rank Test for Blink Rates. 
 
Fig. 3. Wilcoxon Signed Rank Test for Reaction Times. 
 Blink Rate (blink/second) Reaction Time(seconds) 
Test Median 0.35278 58.07 
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4. Conclusion 
Upon considering the Wilcoxon Signed Rank Test results for both blink rates and reaction times, it can be 
concluded that the horizontal signage arrangement would be the best arrangement for UP Diliman BS IE students.  
This arrangement allows higher blink frequency and faster reaction time which results to the ideal scenario – less 
visual workload and faster signage processing. Therefore, the horizontal signage arrangement is best recommended 
for use in bus signage.  
Appendix A. Images Used 
Fig. 4. (a) Random Arrangement 1 for Bus1†1, (b) Random Arrangement 1 for Bus 2. 
Fig. 5. (a) Random Arrangement 2 for Bus 1, (b) Random Arrangement 2 for Bus 2. 
 
1Multi Mech Heavy Equipment LLC UAE, 12 M City Bus | Front Engine, retrieved from http://multimech.ae/shop/city-buses/12-m-city-bus-
front-engine/ 
a 
b 
a b 
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Fig. 6. (a) Random Arrangement 3 for Bus 1, (b) Random Arrangement 3 for Bus 2. 
 
 
 
 
 
Fig. 7. (a) Horizontal Arrangement for Bus 1, (b) Horizontal Arrangement for Bus 2. 
 
 
 
 
 
 
Fig. 8. (a) Vertical Arrangement for Bus 1, (b) Vertical Arrangement for Bus 2. 
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